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FOREWORD
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The principal investigators at NLR were J. J. Horsten, R. G. den Boer, and

R. J. Zwaan. The AFWAL project engineer was L. J. Huttsell and the work unit

was 24010236.

Part I of this report presents the general description, the aerodynamic

coefficients (printed and plotted vs incidence, reduced frequency, and Mach number)

and the vibration modes. Part II presents the plotted pressure distributions and

vibration modes. The pressure distributions in tabulated form can be obtained

from AFWAL/FIBRC upon request.

Acession For

NTIS GRA&I
DTIC TAB
Unannounced 0
Justiricatio

By
Distribution/_ _"

Availability Codes
Avail and/or

Dist Special



TABLE OF CONTENTS

PAGE

Table 1 Steady Test Program for LANN Model ... ........ 1

Table 2 Unsteady Test Program for LANN Model .......... 2

Table 3 Test Program for Amplitude Variation and 3.....
Higher Harmonics

Table 4 Miscellaneous Runs for LANN Model ... ........ 4

Figure 1 Wing Planform ... ... ................. 5

Plotted Data (Run 15 through 258) .... ............ 6

APPENDIX A: Definitions and Sign Conventions ..... .176

vF•

Vt



LIST OF SYMBOLS

Note: Coefficients derived from the zeroth harmonic component of unsteady

pressure signals, are indicated simply as "steady" coefficients

instead of "mean" coefficients. For a pure sinusoidal signal, there

is principally no difference between steady and mean coefficients.

a modulus of pressure tube transfer function,
a = mod(pu/pi) (see section 3.1 and figure 6 in part I)

AR aspect ratio, AR = 7.92

AC aerodynamic center

c local chord, m

C AC mean aerodynamic chord, c AC = 0.268 m

cr root chord, m

Ct  tip chord, m

Cm steady sectional pitching moment coefficient (see App. A)

Cmi unsteady sectional pitching moment coefficient,
Cmi = Cri + i Cm (see App. A)

Cmq quasi-steady sectional pitching moment coefficient
(see App. A)

C steady wing pitching moment coefficient (see App. A)
M

CMi unsteady wing pitching moment coefficient (see App. A)

C Mquasi-steady wing pitching moment coefficient
Mq (see App. A)

Cpi unsteady pressure coefficient, Cpi = Cj + i C"
(see App. A)

CpiT value of Cpi measured with in situ transducer,
CpiT = PiT/q ai = CT + i CPT

Cpm steady pressure coefficient (see App. A)

Cpq quasi-steady pressure coefficient (see App. A)

Cz steady sectional normal force coefficient (see App. A)

Czi unsteady sectional normal force coefficient,

Czi = C! + i CZ (see App. A)

Czq quasi-steady sectional normal force coefficient
(see App. A)

CZ  steady wing normal force coefficient (see App. A)

CZi unsteady wing normal force coefficient, CZi = C; + ic"(see App. A) Z

CZq quasi-steady wing normal force coefficient (see App. A)

vii



DZ ratio of acceleration pick-up signal and LVDT
displacement signal, DZ = DZ' + i DZ"

DZ I  amplitude of LVDT displacement, mm

f, FREQ frequency, Hz

harm, HARM harmonic component (harm = 0: mean, harm = 1:
1st harmonic, harm = 2: 2nd harmonic)

i
k, REDFR. reduced frequency, k = rf cAC/V

M, Much, MACH free stream Mach number

Ni steady sectional pitching moment about quarter-chord,
Nm/m (see App. A)

Mi unsteady sectional pitching moment about quarter-chord,
Nm/m/rad (see App. A)

Mi unsteady wing pitching moment about aerodynamic center,
wing Nm/rad (see App. A)

M-LOC local Mach number

M quasi-steady sectional pitohing moment about quarter-
chord, Nm/m/rad (see App. A)

Mq wgquasi-steady wing pitching moment alout aerodynamic
center, Nm/rad (see App. A)

M .steady wing pitching moment about arcadynamic center,
wlng Nm (see App. A)

N number of acceleration pick-ups, N = 12m m

N number of pressure tubes at each secticn, r =P P

N snumber of sections, N = 6

NT  number of transducers, NT = 1-

p pressure at model surface, p = pm + Pi. Pa

p, P-SETTL. stagnation pressure, Pa

Pi nth harmonic component of unsteady pressure at model
surface, pi = Ipilexpli(wt)],Pa (sce Fig. 6 in part I)

piT  value of pi measured with in-situ transducer

PM mean pressure, Pa

pq amplitude of quasi-steady pressure oscillation,
pq = [pm(am Aa) - pm (am-Aa)]/2, Pa

Pu nth harmonic component of unsteady pressure at the end

of a pressure tube, Pu = IpuIexp[i( w t+q0)], Pa (see Fig. t,

in part I)

q, Q free-stream dynamic pressure, Pa
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Re, RE Reynolds number, Re = Vc AC/v

s semi-span, s = 1.000 m

S wing surface, S = 0.2526 m2

t airfoil thickness, m

t time, s

T model temperatu.-e, deg cent.

T-SETTL. stagnation temperature, deg cent.

V free-stream velocity, m/s

WRP Wing Reference Plane (see Fig. i) (X-y plane)

X x = XXleading

X x-coordinate of boundary layer transition strip

X coordinate in free-stream direction, m (see Fig. I)

X X-coordinate of rotation axis, m (see Fig. 1)r

y spanwise coordinate, m (see Fig. 1)

z coordinate normal to the X-y plane, m

Z steady sectional normal force, N/m (see App. A)

Zi unsteady sectional normal force, N/m/rad (see App. A)

Zi wing unsteady wing normal force, N/rad (see App. A)

Zq quasi-steady sectional normal force, N/r'rad (see App. A

Zqwing quasi-steady wing normal force, Nirad (see App. A

Zwing steady wing normal force, N (see App. A)

a, alpha, ALFA wing incidence at LVDT position, a = am+ai, a.g

a unsteady wing incidence at. LVLT position,
Si  = Ia i exp(iuit) = Ac exp(iot), deg

CLm  steady wing incidence at LVDT position, deg

Aa,Dalpha,DALFA amplitude of unsteady wing incidence at LVDT position
Aa = Jai l, deg

phase of tube transfer function, W = arg (pup.)
U Pi

relative spanwise coordinate, 11 = y/s

A0.25 sweep angle of quarter chord line, deCg

v kinematic viscosity (m?/s)

w angular velocity, w = 'rf, rad/.-

8 local wing incidence, deg (see Fig. 1)

0 wing twist, 0 = et-o6, deg (see Fig. 1)
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+ upper z < 0 (see Fig. 1

lower z > 0 (see Fig. 1

free-stream
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TABLE 1

Steady test program for LANN model (run numbers)

0.62 0.72 0.77 0.82 0.87 0.95

-0.4 16 27 46 67 88 97

0.35 17 68

0.60*) 15/19 28 47 69 89 98

0.85 18 70

1.60 20 29 48 71 90 99

2.00 183 218

2.35 235 238 240 132 155

2.50 219

2.60*) 234 109 121 222/133 15L

2.75 220 242 245

2.85 236 237 241 134 156

2.90 231 230

3.00*) 184 221 168 246

3.25 223 244 247

3.50 224

3.60 104/232 110 122 135 157

4.00 225 169 248

4.50 226

4.75 201 205

5.00*) 185 193 202 206 228

5.25 203 207

5.50 227

6.00 186 194 204 208 229

*) Steady incidences for which unsteady measurements
were performed as well

.



TABLE 2

Unsteady test program for LANN model (run numbers)

f 12 2L 3' 48 60) 72

A 1.0 0.25 0.25 0.25 0.25 .025

a NI

o.6 o.62 36 129/22 -:, 24 25 26

0.72 30 341 32 3

0.-77 117 lie 119 120 6 66

o.82 83 7 7 8s 86 87

0).87z 91 92 93 9L, 95 :

0.91, 1 100 101 102- 103

2.6 0. t2 10 o 106 1 c(7 1

C.7 l11 112 11 ilL. 1 1 1

T.77 12'3 12 1', 1r 3

0.82 !1-, 143 150 111 152 153

3.0 0.72 165,

0.77 166

0.82 167

0.o7 17L' 171 11 1-73

0.95 250 175 179 160 181 -18z2

5.0 0.62' 187 188 189 190 191 192)

0.72 195 196 197 198 199 2O0

). 82- 211 212 214 215 21t 17

2



TABLE 3

Test program for amplitude variation and higher harmonics

for LANN model (run numbers)

M a f 0.125 0.25 0.5 1.0

0.62 0.6 12 1 34 21 35 36

24 1 37 22/39/129 42

24 2 40/130 43

24 3 41/131 44

36 I 45 23

0.82 0.6 12 1 72 82 83

24 1 78 73 79

24 2 74 80

24 3 75 81

36 1 76 77

0.82 2.6 12 1 136 137 138 139

24 1 140 143 146

24 2 141 144 147

24 3 142 145 148

36 1 149 150

0.95 2.6 12 1 161 162 163

0.95 3.0 24 1 175 178

24 2 176

24 3 177

0.82 5.0 12 1 209 210 211

24 1 212 213
I



TABLE 4

Miscellaneous runs for LANN-model

run
nubr a M f ax harm

38 0.6 0.62 24.0 0.50 1

84 0.6 0.82 18.0 0.50 1
127 2.6 0.77 50.0 0.25

164 3.0 0.95 12.0 0.50 1

17(4 3.0 0.9r, 12.0 0.50 1

158 0.6 0.95 30.1 0.05 1
159 0.6 0.95 30.1 0.05,

160 0.6 0.95 30.1 0.05

253 4.0 0.00 1Z.0 0J

25 4 1 4.0 0.OC, 2L.0 0?

255 4.0 0.00 36.0 C0..

256 4.0 o.oo 48.o 0.-"

257 4.0 0.00 60.0 0.25 1

258 4.0 0.00 72.0 c.

'4
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Fig. 1 Wing planform (dimensions in mm)
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SECTION I SECTION e Dstv - 1512-1901 Tub-.
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......... Runnr. - 92 *Upper imag
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-1 ............... .... Runnr. - 86 * Upper imag9

aL Mach = .922 *Lower side

freq. :66.6 "z Transducers
0 Apha -. 586 Degr. - Upper imag. .... ..... ...... Dalpha = .260 Degr. - P N
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4 . .....

-4.

-12 L. re

.0 .2 .4 .6 .8 X/.8 .2 .4 .6 .8 /

S ECT I.ON 3 S 1CTIO 4 -SECT ION 5 SECTION 1

CP ....1 tii ... 4...A~4 j.:~ A
*4~~ ...... .. ..

12 ~

Cp'

-4

6p 'r .. .... * *-

4 ... ..

-4 +

-12

.6W .2 ./ .6 .8 . . 6 .8 . .2 .4 .6 .8 e . . 9.

5 1

V -i-.. ~ A-K
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CpSECTION 1 . SEC71N .2 Date - 16-12-1981 Tubex
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Mach = .87l Lower side

4 *rq. - 12.6 Mz Trsnsducers
-~Redfr. =.036 Upper real

Alpha - .684 Deor. Uipper imag
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:CSECTION Datq 15-12-19O1 Tubwx
CPIUpper stat~ro&l

......... Runnr. - 94 *Upper imag
Mach - .972 *Lower side

. .: Freq. - 40 Nr Transdu~ers
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Harm I LAN

. . . . . .. . .

.8 .2 .6 . . .2 .4 ..

-4..........S . . . . . . . .....

. . . . . . . . . . . . ._ _ _ _ _ _ _

12. .. .

. 9 . * . . . .

. . . . . . . . . . .

Cp ~ ~ t . ....... ................ . ..... .

a . . . ... ... .. . ... ... .. ..

12

4 ... .. .. ..

566



I - SECTION I . . . . . SECT'OH 2 Date - IS-12-1991 Tubes
Cp -. Upper statreal, .......... A.. . A , i .. . . . . Runnr. - 95 - Upper imagf ..-.

Mach = .870 . Lower side

F req. - 6e.0 Hz Transduicers
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SECTION I SECTION 2 Date -Is-ie-IS01 T-jbes
CP q Upper stat,reaI

........ m Runnr. - 96 *Upper imagI -Mach . .97 Lower gido
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SECTION 2 SECTION 2 Date -15-12-1961 Tubes
CP- Upper side

.Runnr. * 97 *Lower side* ~Mach = .4

,W' * 0r.q 0.0 Hz
Alpha =-.417 Degr.
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.e .2 .4 .6 .8 *, c . .2 .4 .6 .8 X, C. .2 .4 .6 .8 XC.6 .2 .4 .6 .8
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... .. ... ..... ... .... ... Runnr. - 181 * Upper imag
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eP .. SL C TION. I : .. SECTION 2 Date - 15-12-1981 Tubes ttra

-1.. 7 : : :.. .. : ..: Runnr. - 103 * Upper imagI ~ ~ Mach. = 951 *Lowersd*~re 4 * -72.0 Hz rasd cers~.A . Redfr . - .198 Upper real
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.. .. .. .. .... ..... .. .. ... .. ... ... .. .... ... H a r __

12.. ..

6 4 .. .. 8 .8. .... .......

C P I.....t....

a .. . . - - - - -

12 .. .. ...5 . . ~ t a
* a.

A A ........... ... ... ..

-4

-42

S . . ..6 .8.... . ... .6.. . 0 .2 r4e 6 . 6 .

.2X/c .9x'cx/

-2 ... .: ..:.. q .. ...: .. * ": : *, 6 5



-2, :~CT O SECTION I' Do~ - 15-12-1961 Tubes
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Mach = .626 *Lower side
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4 ...... ..... .......

- 4 .. ... .. . . . .-.. . . .

.. . . . .. . . . ... ..

ajI4 a1 .. . .......6...... ...t
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-2 .... :E TIO 1 ..... . SCTifnH 2 Dot* - 15-12-1961 Tubes

= . Upper stat,real
1... Runnr. - 107 Upper imag
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M * ach . .728 Lower side
Freq. - 36.0 Hz Transducers

_______________t *a , Redfr. * 128 & Upper real
C*Apha 2629 Degr. - Upper imag1'.. . Daipha =.249 099r.
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'j .Alpha -2.99S Door. v Lipper imag1M. .. .. .. a eDalpha -. 29B Door. -RH

-4

-4a

-12

C. * . 4. 4 . .. ...

13 * 4 * 4 4 4. -1 I.* :

C121 Lr

.4 2 . .6 . / 0 . 2 . .6 . /

SETO 3.-~ .-- .. . SECTON_4SECION__:SCTIO__ .
-4 .. . . .. ...... .

Cp'..............................

4.........A...............................

4 a .

-12 
q

.6 .q .4 q6 .6 .w. 4 . 8 . 2 4 . 2 .6 .8.
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-2IP SLCTIOH I St C- ON a Dtv 1 6-12-19O1 Tubes
. Runnr. 178 *Upper tmag

.* .3 . . . Mach =*Lower side
-.. 4.rf,0 24.8 Hz Transducers

Er edr - ---~ .866 Aeg Upe real

--- ~Dalpha -. 692 Deqr. -R H

124: -

4-

-12Arz,

12 .4

4 4

-12 L re

.8 .2 .4 .6 .8 c. 2 .4 .6 .8 ,

CpSECT ION,3 ISECTIONe 4 SECTION 5 SECTIONf

12

Cp'
4~ f.1

-2

4

-4

-12

.6 . .4 .6 .8 X .6 .2 .4 .08 . .2 .4 .65 .6 " .6 .2 .4 .6 .06
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SCINI SECTION 2 Date- 16-12- 19a 1 Tubes
Cp UCTO unr 19*Ipper stot,roal

- .. . .........- n r 7 Upper imag
.I .~ I I . ach ' 961 * Louoreside.... ..*.... Fre'q. - e6. . T Trnsd c rs

e . . 4 Redfr. U *9 Upe rea
wAlpha = 2.996 Degr. -Upper tmaq

.. .. .. . .D a p h a - .2 4 9 D o g . - P N

4 A.

£12

Cp'

-2 L~ .4.6.

.0 .2 .4.6 . 2 / . .4 .6.8M

SECTION 3 .. SECTION 4SECTION 5SETO

- . .

£2

4*-

-12

-4 q * *

12132

r-. p



-S ECTJION I Sf.ZlON r Date 16-Ir-i i8 rg.,,

CP . L a Upper stat,real
. .... Runnr. - e IS Upper imag

. . Mach = .961 *Lowjer aide
rreq. - 48.8 Mr Transducers

: : _""_ Redfr. - .132 A Upper real

A.... . Alpha - 2.998 Degr. - Upper imag
...... Dalpha -.. 2.2 Dog rL .

Cp . ,

Cp • • .

4

-4o

p .. . .........

_1z L re

.0 .2 .4 .6 .9 .8 .2 .4 .6 .8 .. Z

CpSECTION 3 SECTIONI 4 :SECTION S SECTION £1

Cp

CP1

-42
w..
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C:SECTION I ... .. SECTION 2 Date - L6-12-1961 Tubes
Cp . . .Upper stat~real

..................... .. ..... Runnr. - 8 Upper imag
Mach = .949 *Lower side

. . req. - 66.6 Hz Transducers
Rodfr. * .165 & Upper real

q Alpha a2.996 De.gr. -Upper imag

...... M .. 1, d ... Dalpha - .262 Degr.

12 .

Cp'

44 .

1.. .............

-42

.0 .2 .4 .6 .q 6 .2 . 6 .

. 4 .2.4 .6 e . .4 .6 .44.0

SETO 3 SETO 4b . .K .:L~.> L: SETON5SCTO
Cp . .. ..

. . . . . . . . . . . . . . . . .. . . . .

.6 .2 .4 .6 .6 , 0 .2 .4 6 .6 .6.2..... .. .6.24 .6 .
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-2 -. ELT'ON J! Date 16-12-1901 TubvN
CP Upper stat,real

Punnr. - 182 -Upper imag
. ... ach = .968 Lower side

Freq. ..- - 72.e Hz Transducers
R ed fr. = .198 A Upper real
Alpha = 2.996 Deor. v Upper isag

raph - .291 Degr.

12 ___ __

Cp IXL1:P ,r -17 7

4

9 s..

-4

4

12

4-12F ____ ___________

.8 .2 .4 .6 c8.0 .2 .4 .6 .

SECTION 3 SECTION 4 SECTION 5 SECTION f
CpI

12

44

-4

Cp~

4

.0 .2 .4 .6 .8 .8 .2 .4 .5 F3 W/.8 .2 .4 .6 e.8/ .8 .2 .4 .6 .
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-2
SECTION I SECTION I Datqp - 16- t2- 19S1 Tubi..

CP.... A Upper side
Runnr. - 103 *Lower side

4 Mac h . .623
Freq. - 6.8 NZ

____________.0*. Alpha a 2.863 Degr .

-LAHH-

SECTION 3 a SECTION 4 SECTO . . . SECTION6

q~~~~ ... ... . .

e .2 .4 .6 .8 .9 .2 .4 .6 .8 x .0 .2 .4 .6 .8 .8c .2 .4 .6 .8 C

-2 .. .. . .SECTION I . SECTION Z Date 1 6-12-1461 Tubes.
CP . . ...... .. . . . .. . .. Upper side

.Runnr. = 184 *Lower side

F req. 0 .8 Hz
** t. . .~Alpha 3.002 De'~r.

SECTION 3 SECTION 4 SETO . . .SETO

I .4

.8 .2 .4 .6 .9 e8 .2 .4 .6 .8 x 8 . .2 .4 .6 .8 .0 .2 .4 .6 .

... SECTION I *SECTION 2 Date 16-12-19$31 Tubes
Cp ...... Upper side

.1........ . .... Runnr. - 185 Lower ste
I * Mach = .623

________* -a..ri-eq. - .6 Hz
-. *,±.,. .~.. * Alpha *4.996 Degr.

-LRNN-
:SECTION 3 :SECTION 4 .SECTO 5SECTIONf

. -A ... ......~

.0 .2 .4 .6 .9 ,/C S .2 .4 .6 .8 6/ . .2 .4 .6 .8 .8C .2 .4 .6 .9 C
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-2 ciHI : .-

4 .CIO I -SECTION J! Dotv - Ir16 Tubvs

*Runnr. = 186 *Lower side
Mach . .622

Alpha - 6.002 Degr.

:iSECTION 3 SECTION 4 .. SECTION1ECIO

* ~ ~ C ....... ... . . ... - .*

... . . 6 ..... 6 8 6 4 6

.0 . 4 . 8X'c e . .4 . .8X'C .2 4 .6 8 x'C .
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2 SECTION I :SECTION 2 Date - 16-12-1981 Tubes
.P ...... .0 Upper stat,real

........ -.. Runnr. - Is? *Upper imag
I Mach . .624 Lowery side

.. . . .. . . .. ...4. .. .

* *:-9Redfr. - .049 A Upper real

Alpha - 4.999 Door. - Upper imag
Harmh -. 996 Door. ~ ta

Cp'

-4.. . ..

-12

I I q a 4

124

Cpp

-4 F.4

.6 Z2 .4 .6 .8 .6 .2 .4 .6 .8 9 6 . 4 . . 6 . 4 .

X~~1 38



SEC EO Date - 16-12-19031 Tubv.
-Upper stat'roal

-1,A..... unnr. = Ise Upper imag
q Mach = .623 *Lower side

F req. - 24.0 Hz Transducers
*Redfr. =.8 - Upper real

Alpha = 5.002 Degr. v Upper imag
Dalpha = .260 Dogr. -R H

12

Cp'

4.

-4

-4'

-12L 
re

.e .2 .4 .6 .8 .0 .2 .4 .6 .

p :SECTO SECTION 4SECTION 5 SECT IM

4P

-If

12

Cp' I
-4 .. ._ __.._ _

-.2 .2 .4 . 0Xc. 2 . 6 . ,c.0 2 . 6 e[c 2 . 6 0
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-2

Cp ASECTION I a SECTION 2 Bat* - 16-12-1981 Tubes

-1 4 Runnr. - 189 - Upper imag

Fe.- 36.8 Hz Transducers
____________ __________ Redfr. - 17-Up rreal

Al ~ pha -4.999 Degr. -Upper ioaq
.. Daipha - .2152 D99r.

. .. Harm - IIt L I

Cp 
. .

-4

-2

12

Cp'

44

.0 .2 .4 .6 .8 X,.6 .2 .4 .6 .8 .6 . 4 .6./6 .2 . 6 .

...... .. 1 4 0



-2
CPSECCI1ON I SEC1ON E. Date - 16 -I Z 111 Tubom

-~~~~ .. {.= 18*Upper stit,real
* .. unnr. .692 - Upper imao

Mach .6.82 Lower side

8 ~ ~Rodfr. .196 - Upper real
Alpha = .000 Degr. - Lpri-
Dlpha = .249 e ppr ma

Cp'

4

CP'

e~~~~. .. .. .6....24 .6 .

.0 .2 ~ X/ C

2 . . ....jfCTI j 3 . SECTION 4 -fSECTI.ON 5 .. . SETO
p ... .. . . . .. . .

12

CP

4. -I* a-

12 . A

0 7_ _ __ _ -- .9"-

-12

.6 .2 .4 .6 .8 / .6 .2 .4 .6 e.6 /.6 .4 .6 .9 .6C .2 .4 .6 .6
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:SECTIO 10 1 :SECTION 2 Date 16-12-1961 Tubes
*p A Upper stat,real

*1 . . ...... Runnr. - 191 *Upper imag
... . ach . .622 *Lower side

.... . I ra . req. - 66.8 Hz Transducers

*-. . *d r. - .45~ Aeg Upper real

4 .. .. Dalpha = .260 Dogr. -L N-
H are -AN

-12

Cx 
4

2 a 9

SECTION 3 .... SECTION 4 ... SECTION 5 SECTION
Cp....

. . . . . . . . ... . . ... ... .

q .. . .... . . . ..

.... . . ...
4 

a . .. . ... . . . . . . . . . . .. . ...

*2 m v : , . . .

r * . a*

F'pa a ar
42 r

rp

* .6 .2 .4 .6 . .6 .2 .... 6.. .6 . .. ... 6 . 6 .2 . 6 .
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2f.TO £SCO I 16-12-19)61 Tubvv
CP A: Upper stat,real

...... Runnr. - 192 *Upper ioaq
Mach = .622 *Lower sid*

.-aF r- ; rrq . 7 2.0 Hzx Transducers
________ . Redtr . . .294 A Upper real

A * ipha = 000e Degr. -Upper imag
Daipha - .260 D9gr.a . .. ."rm I-LRNN-

Cp *.-
4

12

-4

L. 9o

-. 0 .2 .4 .6 .8 ./. .2 Lr4 .6}*X

SECTION 3 SECTION 4 -SECTION 6 SEC710HN
C p ... .. .. .. .. . . . . .

I 'A' ... a...

.* . . . .

12 . . . .

Cp'

4 q

e +

-12

C
12  

-

. .2 .4 .6 .0 .6, .2 .4 .6 .0 .01 , .2 .4 .6 .6 .6 .20 .4 .6 f)
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......SCTION I SECTION 2 Date 1 6-12-1901 Tube.CP ~>. l Upper side

.. .. .... ; Runnr. * 193 *Lower side
*Mach . .720

.... Frq - 0.0 Hz*j.Alpha - 4.998 Dogr .

SECTION 3 :SECT ION 4 :SECTION 5 SECTION
CP11  ....

0 aS 0 a. a * *
.4 . ... ....

. ...... .. 1
. .2 .4 .6 . .2 .4 .6 .8 x,.0 .2 .4 .6 .8 .8 .2 .4 .6 . I

*P -$CC T IOH. I -SCC?10P4 Et Date 16I-ILI-1901 TjbwN id

..... Runnr. * 194 *Lower side
-1 .4Mach = .721... [.... . .. req. - 0.0 Hz

:- * ~ Alpha -6.001 Degr. - P N

:SECTION 3 *SECTION 4 eo, 'SECT ION 5 * SECTION

. . . .....

.....~. . . . . ... .. ... ...... .....

8 .2 .4 .6 .8 X/ 2 .4 .6 .8 S/C 6 2 .4 .6 .8 x .8 .2 .4 .6 .8
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-2 :;::I-FCTION I il ' . :SECTION 2 Date - 16-12-191 tubes

Cp :................................. .. Upper stat,real-s............................Runnr. - 195 Upper iag.. . .. . . .:Mach . .721 *Low~er side
q4 I,. . Fro9 . - 12.6 Hz Transducers

0:.. f.. Rd r.ha .043 AUpper real
... . . . . . Alpha - 4 997 Degr. w Upper imag

. armh - .990 D9gr.
. ...... ...... .Ham1 -LANN-

12

Cp' .

4

-4 . .. . . . .
8 -4~-r--~-q . . .....

£ 14

12. .. .. . ..

Cp'' .........

4

-4 .

.5 .2 .4 .6 69 .1c .6 .2 .4 .6 .8 X, c

-2 :*SECTION 3 :..SECTION 4 :.&SECTIONS 5 SECTIONe

............ ........ ...............{. .......£
a . .. . . .

.. . .. .. .

v............................. ............... .......

.. .. . . . . ... ... 4 . .

4 .. .. . . . .

-14



:SECTION I .. SECTI.ON.. 2 Dt. 16-12-1901 TubwoIp r ..... ... Upper stat,real
1 .... ...... Runnr. - 196 *Upper imag
. . . Ach a .721 *Lower side

4. Freq. - 24.0 Hiz Transducers
SRedfr. - .DOS A Upper real

. Qlpha - 6.960 Dear. v Upper imag
' K Dalpha - .260 bogr. - P H

....... . ...... Harm I -L N N

12

......................... ......0f~I i. A .A

12 .......... . . . . . .

Cp"

6 .2 .4 .6 .6 S/. .2 .4 .6 .6 ~
- 2C .. .. . . . . .. . .M

2 SECTION 3 :SE SCTION 4 :SECTION 5 SECTIONf

Cp .................... ....... .............. ................... '.C

...................................... ...........

I r .. . .. .. . .. .. .. . .. . .-. .. . .. .. .. . .. .. .. .. .. .. .. .. . . ... .

12 [. ._..__..__._

40 ..6 . . ....... . . . 6... 6 . ... . ... 66.6.2 .4 .6 .
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SECTION I :SEC i ION 2 Date - 16-12-1991 Tube
C p .... Upper stat~real

Runnr. - 197 .Upper imag
AMach . .721 *Lower side

-: Frv. - 36.0 Hz Transducers
* 9'1* Redfr. - .128 4Upper real

* ** Alpha - 4.999 Degr. Upper iflag

Harm - I-LRNN-
12 ... _q

Cp,

4

-4 a

12 a

-4

.2 .4 .6 .8 X .0 .2 .4 .6 .

* SECTION 3 --SECT ION 4 S SECTION 5 -SECTION G
-1 ................................... L

1 . .. . .. . .-

I** A . ... .. A .. . 1 -A Aa~,- 9 * * ~ j .. * ~ *a

12 .

4a a

12

06 .2 .4 .6 .6 ./,0 .2 . .6 *.9 -- 9 . .4 * .6' .8 I .0 .2 .4 .6 .8 c
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SETONi/i:SECTISON. r Dots 16i-190 TubesCP 
.Upper stat~roal

I ~ e . Runn. = 98 *Upper imag4. .. .. .. Mach . .721 *Lowe~r side

...... . freq. - 46.0 Hr Transducers
Alpha 4.997 Degr. Upper iaHare - I-LN-

12

4

aa- p . .. .... .... ....... 
.

- 1 . .... .. . . . . .......... '

12 
.... ..re6 2 .4.....6 .6 .2. .. .4. . 6 .. . 8..

4 .. C.... 4.. .. . .. C..O.5........~ . .........

.6.-446 . ..... 2.. 6 . 6 . 4 . 6 . 2 . .6 ....

.9 . 4 . 9NC. 2 . 6 . /C C

-2 ... ...... .. 148.



* SL, T ION I ~.SEC OH 2 Date - 16-12-1981 Tubes
A. IUpper stat,real

-1Runnr. - 199 tiUpper imag
* .- .. *aMach = .722 .Lower side

w m ~. Freq. - 6e.e Hz Transducers
Refr -* .21 -- Upper real

Alph - 4999Degi. vUpper imag
. ... . Dalpha = .290 Degr. -L t H

Harm I IA
4p .. .. ..

4 4

-4-

1 2 .2 4 ... . ...2 4.6.

. . . ....... . . . . . . .

LL

.e .2 .4 .6 .9 X,.0 .2 .4 .6 .9 0 . 4 . 0 . 2 . 6 .

:SET CO 3/ SECIO 4'
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S E T. ON2 Dae 1-IZ-901Tubws
.... IO ... S.TO 2 at - -I-0 Upper stat,real

-iRunnr. - 200 - upper imag
.4Mach . .721 *Lower side

+ F ~r-eq. - 72.0 Hz Transducers

f ~ - Redfr. - .2SS Upper real
Alpha. - 4.999 Dogr. - Upper imag

...... qDalpha -. 262 flogr. -L NN-

......... . . . . . .

Cp,

1 2 .........

. 2 ... .. .6 ... .. .. 6 .

Cpa

4 ...... .. { .....
-4 .. ....

0 2 .4 .6 .0 .6 2 4 6 .8 .0 .2 . 6 8 6 4 6 .

6..

. .. .. .. .. .. .. b15 0..



-2 . . . .
ClSCION ISECTION 2 Date - 6 12-19st Tubes

Cp ~..Upper side
R..,rnr. - 201 Low.er sidet.Mac h . .771

4 req. - e.0 Hr

o 0 Alpha - .751 Degr.

-LAHN-
-2

-2 . . 6 . 8 .... .2. .4 6 .82 .4 . .8 . .2 . .6 .

IP '- SECTIOM I & -SEC T!1ON H2 Daty 16-12-190 Tbe
Cp ~*1~.... . .Upper, sideIPunnr. 202 *Lowjer side

-l =*. a . Mach = .772

* . 9 4a. Alpha =4.999 Degr. -P N

SECTION 3SECTION 4 SECT ION 5 SECTION
a aa a

.9 .2 .4 .6 .8 X"~ .2 .4 .6 .8 X .0 .2 .4 .6 e.8 , .9 .2 .4 .6 .8

dSECTION 1 :iSECTION 2 Date 16-iz-19e1 Tubes
Cp ...... : .a Upper sideI.... . Runnr. 293 *Lower side7 . Mac h .771 H

... -* ~a.Freqh. .6 Hzgr

V. -LPNN-
. ECTION 3 SECTION 4 . SECTION S q SECTION

a ...... 
. .

~1 4..

A~ ~ ...............

.S .2 .4 .6 .9 X 6 .2 .4 .6 .8 X . .2 .4 .6 .8 X/C i .2 .4 .6 .9
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-2
CPSrCT I.O .. 1..... SECIO ft0"E Detv - O-t61 Tuw

t - Upper side
A_. .. . Runnr. - 204 *Low~er side

q Mach . .770
.. ... ... req. - 0.8 Hx

S Alpha -5.999 Degr.

....... . ... . ... 0 -LRNH-
SECTION 3 SECTION S SECTION

0 . .* . ._ _ _ __ _ _ 
. .

.8 .2 .4 .6 .8 0, 2 4 e .2 .4 .6 .8 .9c. .2 .4 .6 .. 8. 8 2 .

S EC TI 1 SECTION 2 Date -16-12-1981 Tubes
CP .... .... ..... W .. . : :' : ':''* ': . Upper side

.............. Runnr. 205 * Lowder side
a.. : Mach =.2

... 4.... .... Fraq ~ e.8 Hz
________________________________ Alpha *4.759 Degr .f -LANN-

:2ISECT ION 3 SECTION 4 SEC TION 5 . . SECTION

a. ......

.0 . 4 . 8Xc0 .2 .4 .6 .8 x/.0 .2 .4 .6 .8 .8c .2 .4 .6 .

-2 .. . . . .. . .. . . . . . . . . . . : * . .:

E[ -:.. .. Runnr. = 296 *Lower sd
Mach .~a .a2 Uprside

....... ...... ...... Freq. - 8.0 Hz
a: Alpha - 4.999 Degr.

:SECTION 3 :SECTION 4SECTION S SECTIONt

....... a......a ~ 4. .:

.6 .2 .4 .6 .6 /C .2 .4 .6 .6 ". .2 .4 .6 .8 .6c .2 .4 .6 -. a8,
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IP SECT I 0 IA SECT ION 2 Date -16- 12- l961 T-b-;seCp~~L S -pe ide
-, .... { ... . . Runnr. 207 *Lower side

. . . . ... . . ach - .920
. ~* Fre~q. - .6 lHz
___ Ali4 ~ Rpha =5.2S@ D~gr .

CT ION 3 SEC1 ION 4SECTION 5 SECTION

.8 .2 .4 .6 .8 ,.0 .2 .4 .6 .8 X"C.e .2 .4 .6 a ., .8 .2 .4 .6 .8

*7.SECTION 1 ISECTION 2 Date 16-ir-l103 Tubes
CP ewA. A U .~*Ipper side

-1 Runnr. 2e8 Lower side
[ *4*Mach = .919

.. .. ... . Freq. 'S'6.6 Hz

e 6 0 Apha 6.002 Degr.

-~ . -LANN-
* -II

CPSECTION 3 SECTION 4 SECTION S :SECT ION 6

C~t~t. ___________ ____________ _________A

.8 .2 .4 .6 .8 .9' .2 .4 .6 .8 X/, 8 .2 .4 .6 .8 / .6 .2 .4 .6 .8 X
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-:SECTION I .* SECTION 2 Date - 16-12-1981 Tuibesprsttra

Rumnr. - 29-Upria
M . . ach . .820 - Lower side

aFrvq. - 12.0 Hz Transducers
* ~Redfr. - .838 - Upper real

B .pha 5 .00e Degr. -' Upper imag
Dalph& .249 Dogr.

* . ... .. :Mar - I -LANN-

Cp'

12

8P .. ....

T.

-12

-12

.0 .2 .4 .6 .A /.0 .2 .4 .6 .0 /. 2 . 6 .9rce . 4 .

* SETION3 SETIO 4 .. SETIO 5 .SECTON

14



SLCTQN SE~O~ ! Dt~ I6l2-~OI - Upper- stat,,eal

-. Runnr. - 216 - Upper imagr*Mach . .921 - Lower side
Freq. -** - 12.8 Hz Transdujcers

** A. Redfr. - .038 Upper real
Al ~ pha - .000 Degr. -Upper iftag
Dalpha - SQI Degr.
Hare - -LANN-

12

Cp' W" Wl Y. 41,7,f

-4

Cp 11 4

4 . . .

.8 .2 .4 .6 .8 .9 C .2 .4 .6 .8X/.

SCIN3 SECT ION 4 SECTION 5 SECTION6

'3~
-4 eA.,

12

Cp'

4

-4

4 ./ X_ _ /C_ _
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cp~ ECTO SECTION 2 Date -16-12-19e1 Tubes
* . . . Upper stat,real

1 .... aRunnr. -211 -Upper imag
. Freq. - 12.0 Hz Transducers

1** Redfr. - .038 - Upper real
. . alpha - 5.064 Degr. -Upper imag

12..... ... . . Dalpha - .999 Dogr.

1ar -L 4.

p X

4.

-12 ~4r

-2 41

SETO ETIN4.SCIO ETO

0 2 . 6 . .0 . .4 .6 * - .

CP j a ... .... ... a .

. . . . . . . . . . . . .

12

115

-4~



: . SECTION I . SECT.oh t Date 1 6-12-198S1 Tubes
CP -'. Upper stat'real

SIa .. Runnr. - 212 -Upper imag

.:Mach = .929 - Lower side

r Aph 4.999 Deqr. Upper real
I Dalpha - .249 Dogr. Upria

I a Horm- LNl

Cp _ __ _ _ _

e a a

w *. a ::

-12 re. 4

8 .2 . *.0 ~ . 2 .4 .6 0 /

.4. ... . . . .

.. .2 .4. .6.. ... .8 .. ... .

SEC~ON 3: SCTIO 4 SECION5 SETIF

-4 m . . .

~ ~I4 ..... ... ..

a
. . . . .. .... 8

cp...............

.6 .2 .4 .6 .6 .6 .2 .4 a6.6 . .2 .4 .6 Ox 60 Lb .4 .6 .0
V/ x'c x J
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SCTzoH ISECTION a Date 16-12-1981 Tubes
: . .. : : -Upper stat,real

... . Runnr. = 213 - Upper imag
*Mac h =.921 *Lower side

______ .....__ ....... __ ............ . . D ph = Dg..4Frag. - 24.6 H4z Transducers
* a. Redfr. - .075 LiUpper real

Alpha - .001 Door. Upper imag

~~ q H arm - i-LRNN-

*. . . . w~
C*. I w I.. .

r IF . . . 4 1 1

4.. .. .4..

12 . .. . . .

-4a

0 .2 .4 -6 .9 .8 2 4 6

-2
: SECTI.14. 3 .SECTION 4 : 2 SECTION 5 SECTION '

*p ... .. ........

pw .............

.. . . .. . . . . . .. ... ..

L .1

5p .*v. $ ~ ... . L

-42

.0 . .4 .6 .8 .2 .4 .6 .8 .2 .4 .6 .8 , .9 .2 .4 .6 .8
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-2 .. SC CT ION I .. .SECIOH a 1)atv 16-19!-1901 Tubwx

.I Runnr. - 214 - Upper imag

: Mach = .821 *L')uor side

Al .** ~ pha - 5.000 Dogs-. v U~pper imag

?. ~Harm I -LANN-.112re. 3.0H rndcr

- A--:

4I

-421

I a,

-4

-12........................... re

.6 .2 .4 .6 .8 X/.6 .2 .4 .6 e /

CPSECTI ON 3 SECTION 4 SECTION.5 SECTIONd

t

12

CPL

L.. -- --I

-49

.~.4 .4 .0 .0 z~ .4 .6 .19 . .2 .4 .8 .6 / .8 0. 6 .
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21.... :SECTION I SECIN2Dt - 16-12-1991 Tubes

qp, "A. Runnr. - 215 - Uppe imatg~a

4 ~ .a.* *L.Mach .629 Lower side

________________ Redtr. *j5 IA Upper real
Alpha - 4.999 Degr. v Upper imag

. . h a - .261 fl .Hare LlN
12 : . :. .:

Am..

Cp' . ." Z,

...... .. .71f

A2 ... .....

. . . . ... . ... ..

....... ....

pl.,

C 
4

-12 LLr

.6 .2 .4 .6~ .6 6 2 6 .82 4 8.6 .2 .4 .6 .e 
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:SfCTION I..........SECTION r Date 16-12-1901 Tubes
CpI~ *Upper stat,real

..I . ... . Ri * 216 *Upp~er imagr r *II = .821 * or sid*
..._.._.._.__ ..............._._....___ 66.6 Hz Transducers

.* Alpha -4.999 Degr. - Upper imag

q . .. . Da pha - .249 D *r. - P N

12. . . Hamt- A N

12.

4

-12 ......I
1 2 . . .. ... .. . .

-2 .......

4~ . .. .. ... ... .. . .... 4.4 ....A..
.0 ~ ~~ .2 .4. .6 . / . 2 . 6 .

-2

4P ... . . 'M .

.~ ~~ ~ ~ ~ .. . . . . .. . . . . . .. . .. ... . . .

ajf .. .. . . .. . . .. . . ... .. . . .

1 2 . . . . . ... .w' . : *

12 .. . ..

44 -P wt 1 ~ *i * .

S * .4 . .0 .0 . .4 6 .6 6 2 ..6 .8 7.6 . . . 7.
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-2
S.:ECTI.ON I SECTI.ON 2 Date - 16-12-19S1 Tubes

CP.... .... : . ........ .. .... -...... Upper stat,real
-1' 4:

.. . . . . ... Runnr. w 217 -Upper imagI .*:. .:Mach . .021 *Lower side
........................ . ........... ........ req. - 72.0 Hz Transducers

_______ Redfr. a .226 A Upper real
i.U Alpha - 4.997 Deor. v Upper imag

Cp, w.

44

01 2 . ... .2 . .. . ... ... ......0...

SEC IO .......... .... .... ...T O S C I N 5..........E TO

CP{%............

.. : .. . .. .. .. . .. r

.0 .2 .4 .6 .9.c9 . 4 .

Ap *A* : . .....~ a a ~ .. ..
oAA

1w .. i..

O ... .4 .m9~ O . 4 . 0 2 . ... .8 ... . 2 ... ..... .0x'r/

.. ... .... ... .... .. .... ... .. .... .... ... ...16 2 .... ..



P'SECTION I .. SECTION e Datir - 6-ILI1901 Tubv.,
Cp1' I * .a Upper Side

:.: :* :. Runnr. 218 *Lower side
...... .. Mach - .923

..... Alpha =1.994 Degr. -P H

p :SECT IO SECTION 4 raSECTION 5 :SECTION4

Lt .. -W .. . . ... .. . . .. 7 ..

.........._ _ ... ... .. .. . .. .

........ _....._... .. .. ....

.0 .2 .4 .6 .9 eC 6 2 .4 .6 .8 / .6 .2 .4 .6 .8 x C.0 .2 .4 .6 .8

SECTION I..........SECTION 2 Date -16-12-1981 TubesI un. 1 Upper side

*. L Mach . .922 Loersd
. ... . . ... .... . ..... req. 0.8. Hr

.~ I. Ppha -2.491 Dear. -P N

8 ~~~ 2. 4 8 xc . 4.... . ...... 4 6 .8 8 2 4 .6 .

SECTION 3 :SECTION lt 4 :SECTICON STSETIN
Cp .. a Upeqsd

.0 ..4 . A /. .2 . .6 . /*0 .4 .6 .n. 2 8 * Lo.e .4ide .

:'A. Mach . .921
... . . . ~ rreq. - 6.6 Hz

Al Rph~a ft 2. 7569 Degr.

-2.

-2SECTION 3 :SECTION 4 :SECTION S SECTION

C 1 . ... . .

1% .1 A "0
m . . ....

.9 .2 .4 .6 .8 X/9 .2 .4 .6 .8 /c .2 .4 .6 .6X/ .6 .2 .4 .6 .8 c
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:...ECIO IDate - 16-12-1981 tubesCP S...ON .EWCTIO0N 2 Run.- 21*Upper sidej
.... Ru.njL -. 2 Lower side

q M ach .. 921j.................. .. ........ * . . Froq. - 8.0 Hz
_______________ _______________ Alpha - Z.9199 Dogr.

. 71 . .- LRHH-
.. SCTO SECTION. 4 : .SECTIONS5 SECTION6Cp {____________ ...... < { ~ i .

1* d

-2..............

-....SECTION t :SECTION 2 vat - 16-12-1981 rube,
CP ........ ...... Upper side

-. .. . .. . .. .Runnr. - 222 *Lower side
-. Mach = .922

* **Freq. - 8.6 Hz

____________ :4__________ Alpha a2.600 Degr.
a................. ... ... ... ... ....

-LANN-
-24

SECTION 3 :SECTION 4 q SECTION S.........SECTION
Cp .. . .. .. . . . . . . . . . . . . .

.18 .2 .4 .6 .9 X/c.6 .2 .4 .6 .89/C .2 .4 .6 .89/ .6 .2 .4 .6 .

-2
SECTIONI I SECTION 2 Date - 16-12-19e1 Tubes

CP W Upper side
Runn r - 223 *Lower side

. . .. . . .A Mac F . - .21
* ~ ~ .Alpha -3.248 Degr.

0 *... -LRHN-
SECTION 3 :SECTION 4 : : SECTION 5 :SCCTIOII4

Cp .....
.. . .. . . .. .

........ ..... . ........ . .. . .. . ........

.6 .2 .4 .6 .6 /c .2 .4 .6 .6 /c .2 .4 .6 .6 .6C .2 .4 .6 .8
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2 4C IYON I -SECT ION I' Date - 6-Ir-lI96 Tue
Cp ..... . . Upper Side

6 .... Runnr. = 224 *Lower side
4.4Mach .828
.. .... Freq. - .8 Hr4 .~ g ~Alpha -3.498 Degr.

. -LANN-

SECT ION 3 SECTION 4 SECTION S SECTION
La.. .

* ~. .. a a

_ _........... . .. t... .. :a .* .s a
0 . 4 -6 . . .2 .4 .6 -. .46

.c .2 .A6. . 2. 6. * .2 .4 .6 .8 .8 .2 .4 .6 .8

C 2I .. CT..N.. Upper side -

~a .. *..Runnr. = 22S aLower side
* .. .Mach = .821

. * a4 * :Freq. 0 .@ Hr

SECTION 3 :...SECTION 4 p SECTION S SECTIO14

a4a ...

. 4....*Z 
4............ ..- ~

.0 .2 .4 .6 .8 / 0 2 .4 .6 .8 xo .2 .4 .6 .8 ./C0 .2 .4 .6 .8 "

SECTI1ON I : . SECTION E Date - 1 E- 1.9a Tubem
.P : acpa.9t Side

-1 .... .... ...... . ... Runnr. - 226 * Lowet side

....... Freq. - 0.6 Hx
0 Alpha *4.600 D*9r.

. . -LANN-
SECTION 3 : . SECTION 4 :SECTION .. ECIt

mp . . . . . .

....... ..

.6 .2 .4 .6 .6 6C 9 2 .4 .6 .8 x, C . .2 .4 .6 .8 / .6 .2 .4 IS .8
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SECTION I SECTION 2 Date - 16-12-1981 TubesI. . .. ur .. 227.. U Lor side
C...........................a a Runr Upp7Loer side

..[ . .a~ a . Mach .820
.......... q. .... 6.0 Hz

o Alpha 5 .490 Degr.P. .. . . .- LPNN-

mpI. :SCIN3I . SECTION 4 :SECTION S SECTION
S ... ... ... ....... . ....

.6 .2 .4 .6. .2 .4 .6 .8 .6 .2 .4 .6 .8 ./ 6 .2 .4 .6 .8

-3CCTIQN I : .SECTION R Dstw - t-12-1"6l TubezCP... . ... . .... pper side
~.4~a'a4a~.. Runnr. = 228 *Lower side

. Mach = .960
A J rq e.0 Hi z1

Alpha S .000 Dogr.

. . . - A N

SECTION 3 SECTION 4 .SECTION S SEiO

C. .............

.6 .4 .6 . . .2 .4 .6 .6 .8 .2 .4 .6 .8 e6 .2 .4 .6 .8

SECTION I.........SECTION 2 Date - 16-12-1981 tubes
Cp .. ... Upper side

S..aa~.~.. . Runnr. n 229 *Lower sideMac h a .949
... ... ....... r e - e.e iiz

or _________ .4alpha a6.009 Dogr.

.... .. ..... .......- L A N N -
Z ~SECTION 3 SETO * . : SECTIONs S ETO

cp . .... . .. I

t~ ~~~~~~~~~~ ...~a.. A~*aI.. ~ c.i*

..-. .... ..... . .. .

6 .2 .4 .6 .6 C. .2 .4 .6 .9 X/ .2 .4 .6 .6 X/6 .2 .4 .6 .0
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-2
SECTION I SECTIO E - I6-I1-I 1 T.,bv.

CP • - Upper side
_I. .• -unnr. = 230 -Lower side

Mach .9S4

i : : rr-qL.R-t..8t-zF r. " . .MzAl Ppha 2 .896 DLPNN.

SECION 3 .SECTION 4 SECTIO4 S SECTION6

i

I

.8 .2 .4 .6 .8 .2 .4 .6 .8 .2 .4 .6 .8 .. .2 .4 .6 .8

-2
SECTION 1 . SECTION 2 Date - 16-12-1981 Tubes

a Upper side
... . .. 231 Lower sid

-{ .ac "h = .823
Freq. - 6.e Hz

.. ______ . • - Rlpha = 2.8?9 De, r.

SECTION• ....... L.NN-

SECTIO1 3 . SECTION 4 . SECTION S SECTION 6
____- __ ____ 44._ _____. *

: - : . * * * - . , ., --1

.0 .2 .4 .6 .8 x/C .2 .4 .6 .8 x/c.0 .2 .4 .6 .8 x c .0 .2 .4 . .8 -

C I. SECTION I SECTION 2 Deft- - 16-12-11 TJbev
.. .. " . Upper side

. . . " Runn,. = 232 * Lowei side
.. " Mach .622

Freq. 0 .84 Hz

0 * *, *• Alpha = 3.603 De.q,.

2 SECTION 3 : . SECTION 4 SECTION 5 SECTI.,6

0p 4," : 1 4 . . ... . ...... . . . .

CP .j :.. . . : ,: :; -~_ _ __ _ _ _ _ _ _

. .2 4 .6 .8 . .2 .4 .6 .9 . .2 .4 .6 .8
0 .2 .4 . 0 X/C x /C 1
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-2
C SECTION 1 SECTION Dt 17-12-1901 Tubes

Cp - Upper side

Mach = .622
-1/"- 1::%-7t::. ; .... . cR'jnnr. o =;234 * Louer side.. .. a : : .F req. - 4). d N

A Sllpha = 2.597 Degr.

. . .. -LPHN-
SECTION 3 SECTION 4 SECTION 5 SECTIOU 

1 . • at.4.2

* -- - -

• *T O 3 F T O 4SC I I S C | I

* * I.

.0 .2 .4 .6 .8 x/ C. .2 .4 .6 .8 xc.e .2 .4 .6 .8 .0 .2 .4 .6 .8

-2
SECTION I -SECTION E Dat- - 17-12-1901 Tdb 3

CP - Upper side
-"" " " : " Runnr. = 23S * Lower side

f . .: • * : * . . : : : : : : M a ch = .62 3

F4* req. 8.13 Hr

A .- pha = 2.368 egr.

"-LRNN-

. 3 SECTION 4 SECT I1o 5 ' CTIOH E

....____ -___ ________.__ ;t . .

08 .2 .4 . 3 x,.8 .2 .4 .6 .8 X, .8 .2 .4 .6 .R .0 .2 .4 .6 .

SECTI ON I -. = SECTION 2 Date -17-12-1961 Tubes
m . . . Upper side

-i -1 *Runnr. 236 - Low.er side
..... Freq. . e 8. 0 Hz

Alpha 2.840 Deg r .

- ~ ; Mah = 622-LANN-

S[E ION 3SCTION 4 a SECTION 5 SECTIOtlq____________ a

.2 . .6 .8 /c .2 .4 .6 .8 / .8 .2 .4 .6 .
T8 

fiJ.



-. 2SECTION I SECTION I D t" - I?-lP-198O T.b'es
. .. . :"- Upper side

Runnr. = 237 • Lower side
Mach .720

Freq. - e.e Hz
P " Alpha Z.BSO Degr.

-LANN-
--

4 "

CP ECTIU4 3 (SECTION 4SECTION 5 SECTI0#1

.0 .2 .4 .6 .8 .0 .2 .4 .6 .8 ,.8 .2 .4 .6 .8 .A .2 .4 .6 .8

SEZCTION I SCTIGH 2 Date - 17-12-1981 Tubes
Cp U .C: : ., - Upper side

Mach = 720

.-RuFre. - 63.8 Hzc"esd
"-Al " Ipha = 2.349 Degr.t',ft.. ,, . Fre.q. - 9.0B Hz

-LANN-
CpSECTI ON 3 SECTION 4 SECT lCll 5 SE CT1IN

. . A

.0 .2 .4 .6 .B y/r. .2 .4 .6 .8 ),c.8 .2 .4 .6 .9 .0 .2 .4 .6 .8

- SECTION I SECTIO"' P Dat- - I 2-Ir-12_I5 Tubem
Cp u': ,Upper side-II : i .. .. . " 'I, : : . .. Runnr, 240 • Lower side

Mach = .771
. . ". .. , ".Freq. 2.1 Hz

S""" __-__--__... Ripha Z 2.348 Degr.

.. . .. . .- LflNN-

SECTPOtl 3 SEC 4 4 S C T I"i SECT lOt

- .... ......... ... .EC"::;I14. S C I II3 :. .E T O __ _ _ _ _ _ _ _ _ _ _ ___ __ __ __ Tl___ __ __ _ _ __ _ _ __ _ _ _

. 2 6 . 2 4 6 .9 / .2 .4 .6 .8 . .2 .4 .6 A
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SECTION I SECTION 2 Date - 17-12-1981 Tubes
.. . Upper side

Runnr. - 241 *Lower side
q Mac h . .770

... .... Freq. - 6.8 NZ

.. h Alpha - 2.8S@ Degr .

-LANN-
SCTO 3 ETO SECTION S SECTION

.8c .2 .4 .6 .8 .8 ..2 .4 .6 .8 Xc. .2 .4 .6 .8 .8X/C.

2......SECTION 1 :SECTION 2Date - 1?-ir-lie1 Tujbw

Cp - . . . . . aUpper side

-I . .Runnr. = 242 *Lower side

Fr-eq. e.0H
Alpha =2.748 Der.

.. .. ........ . M c. H
SECIO 4-ETO -LFINN-

Cp4SCINSECTION 3 SECT ION6

.2 .4 .6 .8 2. .4 .6 .8 / .0 .2 .4 .6 .8 .8 .2 .4 .6 .

-2
Cp............SECTION I SECTION 2 Date -17-12-1901 Tubes

ra Upper side

Runnr. -244 *Lower side
----------- . Mach .872

* .. F req. e .6 Hz

__ _ _ __ _ _j Alpha *3.249 D*gr. - P N

SECTION 3 :SECTION 4 SETO5SCIO
Cp .. SC IH5:E T11 E

>7777Ka. 4. :. &I A~ I.
A6 . . .. .. .. .9 . ..2 .4 . . ..6 c . . .6 . 0 .2 .4 .6 .m
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C .. T 1O.I )SECTION f Dm t v - 12 i- 1103 Tubes

Rujnnr. - 245 Loweppr side
Mach . .96I*Loe sd

S**Freq. - 8.8 Hz

E__ Alpha - 2.7S7 Degr .

* ..- LANN-
m SECTI[ON 3 SECTION 4 SECTION S .... SECT 1011 E

l.A. -A

.. .... ...

8 . .4 .6 .8 X.8 .2 .4 .6 .8 ,/C.0 .2 .4 .6 .8 x/ .8 .2 .4 .6 -A8

-2
SECIONI SECTION 2 Date 17 -1t2- 1961 Tubes

Cp : Upper side
P',jnnr . = 246 *Lower side
Mac h = .941R

' ~ Alpha = 3.004 Deqr .Err~ - 88H

-LFINN-
..ECI1014N 3 SECT ION 4 SECTION4 5 SECTION

.0 . 4 . 3 . 4.6 .8 . .4 .6 .8 " 0 ..4 .6 .8

-2

SECIO ItECIO r bat -1?12-i17Tbe



. SECTION I ISCON2 Date - 1?-12-190e1 Tube
Cp ... ... Uper side

__________. __ ..... :: nr - 248 *Lower xide

4.., ... .. . . rraq. - 0.6 Hzg
* . . _________- ___ liph; - 4.001 Degr.

* . .. . .. .. .. -L NH-

. SECTION 3 . .. .... SECTION 4 SECT ION S SECTIOIN

.0 .2 .4 .6 .8 X".e .2 .4 .6 .8 x.6 .2 .4 .6 .8 .a .2 .4 .6
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2P.. SC.CTION I . SECTION J! -o IF-IL-I%6t - uppr tamr

unnr. - 258 - Upper imao
........... M ac h = .9!*Lowe.r side

Freq. - 12.0 Hz T vansducers

A IPha - 3.e62 Degr. -Upper imag
m....Dalpha = .993 Degr. - P N

Cp,

4

-44

.0 .2 .4 .6 .8 .8 .2 .4 .6 .8

SECTION 3 SECT1OM 4 . SECTIONf 5 SECTION4

A .. .. .. .. 
....

12
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Date - 1?-1?91 Tubes Date - 17-12-1981 Tubes
- Upper statreal - Upper stat.real

Punnr. = 253 - Upper imao Runnr. a 254 - Upper imao
Mach = .021 - Lower side Mach . .921 . Lower side
Freq. - 12.8 Hz Transducers Freq. - 24.e Hz Transducers
Fedtr. = 1.340 - Upper real Redfr. - 2.681 A Upper real
Alpha = 3.995 Degr. v Upper imag Alpha = 4.885 Deor. , Upper imag
Dalpha - 1.88 Degr. Dalpha - .2S8 Degr.
Harm - ! -LANN- Harm - -L N-

. . ... ........

. . .. . -.. ... .......

L Lre

Date - 17-I-6I Tubes Date - 17-12-1981 Tubes
. Upper stat,real * Upper statreal

Runnr. = 255 - Upper imap Runnr. = 256 - Upper ia
Mach = .030 - Lower side Mach = 8.009 0 Lower side
Freq. - 36.0 Hz Transducers Freq. - 48.8 Hz Transducers
Redfr. = Z.843 A Upper real Fedfr. = S$S$S A Upper real
Alpha - 3.993 Deor. , Upper imao Alpha = 3.998 Degr. - Upper imap
Dalpha = .292 Degr. -- LIDL -alpha = .2S9 Degr.

Harm LI -LI Harm - I...."

.. ..... .

Lre Lre
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Date -17-12-1901 Tubes Date - 17-12-1981 Tub-s
.Upper stat,real . U pper. Stat,r @a

Runnr. a 257 - Upper imag Runnr. - 2S8 - UJper imag
Mach . .021 - Lowter side Mlach - 0.060 - Lover side
Frq. - 60.6 Hz T ransduceors Ft-eq. - 72.e Hz Transducers
Redtfr . - 6.762 - Upper real Rodfr. - ZSSSS - Upper real
Alpha = 3.983 Degr. v Upper imag Alpha - 3.972 Degr. w Upper Imag
Daipha - .2SI D*gr. L N-Dalpha - .246 Degr. - P N

.4
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APPENDIX A

Definitions and sign conventions

Z, Zi, Zq

0.25 c P

C

Note: Coefficients derived from the zeroth harmonic component of

unsteady pressure signals, are indicated simply as "steady"

coefficients instead of "mean" coefficients. For a pure sinusoidal

signal, there is principally no difference between steady and mean

coefficients.

Steady

Steady pressure coefficient:

Cpm = q

Steady sectional normal force:

Z = Cz q..c ; Cz = - f (Cpm+-Cpm)d(!)
0

Steady sectional pitching moment about quarter-chord

M C q.c 2  c - f (Cp,+- Cpm_) ( -0.25)d(l)
c c

0
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Steady wing normal force:

zwn CZ.q..S ; 1Z f f (Cpm.,- Cpm_)di(?).c.dy

Steady wing pitching moment about aerodynamic centre:

M C q,.c S ; fM(Cps 1Cpm) X _ C )d (.)C 2 .dy
wing M, ACAcoffo Cm,

Unsteady

Unsteady pressure coefficient:

Opi =C1 + i.C11 = P
p p W

Unsteady sectional normal force:

Zi 2ir.q..£.Czi.Aac.e icato2

Czi =cz + 1.'Z f (Cpi -Cpi_)d(A)
+ c

0

Unsteady sectional pitching moment about quarter-chord:

Mi = r~q. ._2Cmi.Aa.e t

Ci= C1i + i.CMA 2 f 2 Cp 1p_ 2 02)(
71+c c

0

Unsteady wing normal force.

S iWt

Zi wing =2nr.q. tTC .Aq.e

si
C C'1 , i.C" f =i -Cpd)cd
Zi Z Z rS c

0 0

Unsteady wing pitching moment about aerodynamic centre:

Mi wing 21r.q.. 2A 2)T.Mi.6

C M, + rxc 2 f f (Cpi+-Ci= '+.C =- AC )d(A).Q~,c.y
Mi M M WCAC oo pi- C c
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Quasi-steady

Quasi-steady pressure coefficient:

pCpq = q

Quasi-steady sectional normal force:

C I.
Zq = 2n.q..L Czq. Aa ;

Czq= 1 - CZ(a m+Aa) - CZ(am-Aa)

ff2Aa

Quasi-steady sectional pitching moment about quarter-chord:

2

Mq =2n~..(2- .Cmq.At

2 Cm(am +Aa) - Cm(a -Aci)mm L
Cmq 2Aa

Quasi-steady wing normal force:

S
Zqwing = 2n.q ..2. CZq.Aa ;

C C Z(a m+Aa) - z(a m-Aa)

Zq =- 1-.~2Aci

Quasi-steady wing pitching moment about aerodynamic centre:

7q.(= cAC SMqwing 2 2q ,--- .Mq.A

2 CM Mm+Aa) - C M(am -L)CMq =2 Mm"Ac M
Mq2Aa

I
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